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(57) An adaptive digital predistortion apparatus and 
method for transmitting broadband digital signals from 
a wireless transmitter to a transmitting channel are pro- 
vided, in the adaptive digital predistortion process, a 
non-linearity conversion opposite to the transmitting 
channel characteristic is performed by a digital predis- 
torter for input baseband signals. The predistorted sig- 
nals are amplified by a power amplifier via an up con- 
version channel. A part of the signals outputted from the 
power amplifier are fed back to an adaptive controller 
via a coupler. The feedback signals are processed by 
the adaptive controller to obtain out-of-band emission 
energy of the feedback signals. Using the out-of-band 
emission energy as a target function, the predistortion 
parameters are updated by employing a multi-parame- 
ter optimum seeking module. Accordingly, broadband 
signals to be transrr :ted are predistorted by the digital 
predistortion system to cancel out the non-linear char- 
acteristic of the transmitting channels, and to suppress 
the out-of-band emission energy of the outputting sig- 
nals. Meanwhile, by using a mufti-parameter optimiza- 
tion seeking module, the predistortion parameters are 
adjusted adaptive!*/ by the digital predistortion system 
based on the slow variation of non-linearity of the trans- 
mitting channels. 



c 



Start 



Selecting N+1 points for measuring 
corresponding out-of -band power respectively 



Determining the worst point, the slightly 
worse point and the optimum point 




YES 



Changing the coordinate of the 
worst po ; nt to the coordinate cf 
the reflection point 



Contracting alt of 
tbe points towirf 
&c optimum point 



Q. 

LU 



Fig. 4 



Printed by Jouve. 75CC S A3 3 (FR; 



1 



EP1 313 278 A1 



Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001 ] This utility patent application claims the priority 
of the PCT International Patent Application, serial 
number PCT/CN01/01 1 86, filed on July 20, 2001 , which 
claims the priority of the Chinese patent application, se- 
rial number CN 001 1 9493.3, filed on July 20, 2000; sub- 
ject matter of which are incorporated herewith by refer- 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates to various wire- 
less transmitters of communication systems that im- 
prove system linearity characteristics. More particularly, 
the present invention relates to an adaptive digital pre- 
distortion method and apparatus of the wireless trans- 
mitters. 

BACKGROUND OF THE INVENTION 

[0003] In recent years, while wireless communication 
technology has been developed vigorously worldwide, 
the wireless communication industry faces a series of 
problems that are difficult to solve, such as various com- 
munication systems existing simultaneously, various 
communication standards competing sharply, and 
shorting of wireless frequency resources, and the like. 
In order to help solve these problems, it is desired that 
digitaiization of a wireless communication system may 
be as close to Radio Frequency (RF) front end as pos- 
sible. Also, it is desired that the fundamental function 
elements of various wireless communications are imple- 
mented by software because modifying only the system 
software would make the supporting of the other com- 
munication systems easily. These features have be- 
come a necessity of wireless communication systems, 
particularly involving in broadband wireless communi- 
cation systems. Further, in broadband wireless commu- 
nication systems, it is also desired to have super linear- 
ity and wide dynamic range in broadband transmitting 
channels. 

[0004] In orderto utilize frequency resources more ef- 
fectively, modulation methods with high utilization effi- 
ciency of the frequency spectrum, such as SSB, QPSK, 
8PSK and etc., are employed by many communication 
systems. Not only is the phase of a carrier modulated 
by these modulation methods, but also the amplitude of 
the carrier is modulated by these modulation methods. 
Therefore, non-constant envelope modulation signals 
with a larger peak to average ratio are produced by 
these modulation methods. However, for the constant 
envelope modulation, such as GMSK, if multi-carrier 
technology is used, a larger envelope fluctuation may 
also be produced by utilizing a signal combiner to com- 
bine the signals of a plurality of carriers into a broadband 



signal. A higher linearity requirement may be raised for 
broadband transmitting channels with a larger peak to 
average ratio, particularly, for digital to analogue (D/A) 
converters, broadband transmitters (BTXs) and broad- 

5 band power amplifiers. Generally, semiconductor devic- 
es have an unavoidable non-linearity characteristic. 
When a broadband transmitter is operating at a non-lin- 
ear region, it will produce an inter-modulation compo- 
nent, thereby causing signals interfering with each other 

10 in-band. 

[0005] As discussed earlier, it is commonly desired to 
improve communication system linearity in a broadband 
communication system. Three methods have been 
used to solve the linearity problems. One is to use a suit- 
's able super linear semiconductor device and to design a 
broadband transmitter that accords with the perform- 
ance requirements of the super linear semiconductor 
device. However, this method is expensive and involves 
many technology difficulties. The second method is to 
20 reduce the power of the entire transmitting channel, 
such that the transmitting channel may operate in a lin- 
ear region. However, this method significantly decreas- 
es the operating efficiency of the broadband communi- 
cation system. The third method is to employ a lineari- 
25 zation technology, that is, proper peripheral circuits are 
used to correct the non-linearity of the transmitting chan- 
nel, thereby presenting a linear amplifying effect for the 
input signals by the circuits in its entirety. This method 
may avoid using difficult technology for manufacturing 
30 semiconductor devices and allows the use of devices 
with relatively low cost. In addition, this method not only 
allows a variety of forms, but also provides flexibility in 
selecting devices. Thus, the third method has been con- 
sidered as the most suitable method at present. 
35 [0006] In a linearization method, predistortion tech- 
nology is the most simple and effective method. In a pre- 
distortion system, signals are corrected firstly by a pre- 
dis:orter, then sent to a power amplifier for amplifying 
and cutp-tting. The signal distortion characteristic pro- 
40 duced by the predistorter is opposite to that produced 
by a transmitting channel, thereby a distortion compo- 
nent of the transmitting channel is canceled out so as to 
ootain a non-distortion output. 

[0007] A typical narrow band predistortion system is 
45 s'"cwn ir, r ;gure 1 . The baseband signals are corrected 
by a orec'storter first. Then, the signals are quadrature 
rr create: D/A converted by a D/A converter, up-con- 
vetec cy a- up-converter, amplified by a power ampli- 
a~c : "ally outputted by an antenna. Meanwhile, a 
50 pat cf tre signals outputted from the power amplifier 
are tea bec:< by a coupler and converted into baseband 
s g-a:s :.- rough a band-pass filter (not shown), down- 
cc-verte: zy a down-converter, A'D converted by an A/ 
D ctr.ve.-.e' demodulated by a quadrature demodulator 
55 met show^). and sent to an error processor. The other 
ir.p j; of the error processor is a delayed baseband input 
s:g*al. The difference between the two signals are com- 
pH'ed ir, re error processor to output a signal to the 
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predistorter. The parameters of the predistorter are up- 
dated. An adaptive function can be realized in the error 
processor. However, in the broadband communication 
systems, the delay of a frequency component of differ- 
ent signals on the transmitting channels cannot be ap- 
proximated to the same value. Comparing the differenc- 
es between the input signals and output signals with a 
simple delay is not suitable for solving the non-linearity 
problem of the transmitting channels of the broadband 
communication systems. Thus, there is a need for a pre- 
distortion apparatus and method for compensating the 
non-linearity of transmitting channels of broadband 
communication systems. 

SUMMARY OF THE INVENTION 

[0008] One of the objectives of the present invention 
is to overcome the disadvantages involved in non-line- 
arity of transmitting channels in prior broadband com- 
munication systems. The present invention provides an 
adaptive digital predistortion apparatus and method for 
properly compensating the non-linearity of the transmit- 
ting channels of a broadband base station. 
[0009] The present invention employs a multi-param- 
eter optimization module to adjust predistortion param- 
eters adaptively. The transmitted signals are predistort- 
ed such that the non-linearity characteristic of the non- 
linear transmitting channels is canceled out for sup- 
pressing the out-of-band transmission of output signals. 
[0010] In one embodiment of the present invention, 
an adaptive digital predistortion apparatus for wireless 
transmitters, includes: a modulator, a digital predistorter, 
a predistortion parameter adaptive controller, a digital to 
analogue (D/A) converter, an up-converter, a power am- 
plifier, a local oscillator, a down converter, an analogue 
to digital (A/D) converter, and an antenna. Broadband 
digital signals for transmitting are input to the digital pre- 
distorter and processed by the digital predistorter to 
generate predisiorted signals. The predistorted signals 
are converted hy the D/A converter and then by the up- 
cc-vener, amplified by the power amplifier, and finally 
transmitted out by the antenna. Meanwhile, a part of the 
signals outputted from the power amplifier are fed back 
by a coupler to a feedback loop wherein the feedback 
signals are input to a predistortion parameter adaptive 
controller via the down-converter and the A/D converter 
Tre 'eedoack sampling signals are then processed dig- 
i«a .y oy tne predistortion parameter adaptive controller, 
wereoy out-of-band energy emission of the feedback 
signa. is used as a target function, and predistortion pa- 
rameters are adjusted adaptively by employing a multi- 
parameter optimization process so as to allow the entire 
transmitting channel of the broadband transmission sys- 
tem :o maintain a linear transfer characteristic. 
[001 1 ] In one embodiment of the adaptive digital pre- 
distortion apparatus as described above, the predistor- 
tion parameter adaptive controller includes a power 
spectrum estimation module and an adaptive method 
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module. The signals outputted from the A/D converter 
are transferred to the power spectrum estimation mod- 
ule to estimate the power spectrum. Then, the signals 
are transferred to the adaptive method module to per- 
5 form adaptive adjustment before they are transferred to 
the predistorter. 

[0012] The present Invention also provides an adap- 
tive digital predistortion method for wireless transmit- 
ters. The method includes the steps of: 

10 

a) performing a non-linearity conversion opposite to 
transmitting channel characteristic by a digital pre- 
distorter for input baseband signals; 

b) amplifying the predistorted signals by a power 
is amplifier via an up-converter; 

c) feeding back a part of the signals outputted from 
the power amplifier to an adaptive controller via a 
coupler, 

d) performing digital signal processing by the adap- 
20 . tive controllerfor the feedback signals to obtain out- 
of-band emission energy of the feedback signals; 
and 

e) updating predistortion parameters by employing 
a multi-parameter optimum seeking module that us- 

25 es the out-of-band emission energy as a target 
function. 

[0013] Further in one embodiment of the above meth- 
od, the target function in step e) Includes the step of us- 
30 jng out-of-band emission energy of the feedback signals 
as a target function of a predistortion parameter optimi- 
zation adaptive process. 

[0014] Still in one embodiment of the above method, 
N parameters of the digital predistorter are used as fac- 
35 tors of the target function. When the target function 
takes a minimum value, the values of the respective fac- 
tors are taken as the optimum values of the predistortion 
parameters. 

[0015] Yet in one embodiment of the above method, 
40 the step of employing multi-parameter optimum seeking 
module to update the predistortion parameters in step 
e) includes the steps of: 

1) selecting optionally N+1 initial points in a N-di- 
45 mension, of which the coordinates are used as N 
parameters of the digital predistorter, when these 
parameters are taken by the predistorter, out-of- 
banc emission energy of the corresponding feed- 
back signals are measured, respectively; 
50 2) determining an optimum point, a worst point, and 
a second worse point among N+1 points based on 
measured values of the out-of-band emission ener- 
gy; 

3) referencing all of the points except the worst point 
55 as reflection points of the worst point; 

4) measuring a target function value corresponding 
to eacn of the reflection points, if the target function 
vaiue corresponding to one of the reflection points 
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predistorter. The parameters of the predistorter are up- 
dated. An adaptive function can be realized in the error 
processor. However, in the broadband communication 
systems, the delay of a frequency component of differ- 
ent signals on the transmitting channels cannot be ap- 
proximated to the same value. Comparing the differenc- 
es between the input signals and output signals with a 
simple delay is not suitable for solving the non-linearity 
problem of the transmitting channels of the broadband 
communication systems. Thus, there is a need for a pre- 
distortion apparatus and method for compensating the 
non-linearity of transmitting channels of broadband 
communication systems. 

SUMMARY OF THE INVENTION 

[0008] One of the objectives of the present invention 
is to overcome the disadvantages involved in non-line- 
arity of transmitting channels in prior broadband com- 
munication systems. The present invention provides an 
adaptive digital predistortion apparatus and method for 
properly compensating the non-linearity of the transmit- 
ting channels of a broadband base station. 
[0009] The present invention employs a multi-param- 
eter optimization module to adjust predistortion param- 
eters adaptively. The transmitted signals are predistort- 
ed such that the non-linearity characteristic of the non- 
linear transmitting channels is canceled out for sup- 
pressing the out-of-band transmission of output signals. 
[0010] In one embodiment of the present invention, 
an adaptive digital predistortion apparatus for wireless 
transmitters, includes: a modulator, a digital predistorter, 
a predistortion parameter adaptive controller, a digital to 
analogue (D/A) converter, an up-converter, a power am- 
plifier, a local oscillator, a down converter, an analogue 
to digital (A/D) converter, and an antenna. Broadband 
digital signals for transmitting are input to the digital pre- 
distorter and processed by the digital predistorter to 
generate predislorted signals. The predistorted signals 
are converted hy the D/A converter and then by the up- 
converter, amplified by the power amplifier, and finally 
transmitted out by the antenna. Meanwhile, a part of the 
signals outputted from the power amplifier are fed back 
by a coupler to a feedback loop wherein the feedback 
signals are input to a predistortion parameter adaptive 
controller via the down-converter and the A/D converter. 
The feedback sampling signals are then processed dig- 
itally by the predistortion parameter adaptive controller, 
whereby out-of-band energy emission of the feedback 
signal is used as a target function, and predistortion pa- 
rameters are adjusted adaptively by employing a multi- 
parameter optimization process so as to allow the entire 
transmitting channel of the broadband transmission sys- 
tem to maintain a linear transfer characteristic. 
[001 1 ] In one embodiment of the adaptive digital pre- 
distortion apparatus as described above, the predistor- 
tion parameter adaptive controller includes a power 
spectrum estimation module and an adaptive method 



module. The signals outputted from the A/D converter 
are transferred to the power spectrum estimation mod- 
ule to estimate the power spectrum. Then, the signals 
are transferred to the adaptive method module to per- 
5 form adaptive adjustment before they are transferred to 
the predistorter. 

[0012] The present invention also provides an adap- 
tive digital predistortion method for wireless transmit- 
ters. The method includes the steps of: 

10 

a) performing a non-linearity conversion opposite to 
transmitting channel characteristic by a digital pre- 
distorter for input baseband signals; 

b) amplifying the predistorted signals by a power 
15 amplifier via an up-converter; 

c) feeding back a part of the signals outputted from 
the power amplifier to an adaptive controller via a 
coupler, 

d) performing digital signal processing by the adap- 
20 tive controller for the feedback signals to obtain out- 
of-band emission energy of the feedback signals; 
and 

e) updating predistortion parameters by employing 
a multi-parameter optimum seeking module that us- 

25 es the out-of-band emission energy as a target 
function. 

[001 3] Further in one embodiment of the above meth- 
od, the target function in step e) includes the step of us- 
30 ing out-of-band emission energy of the feedback signals 
as a target function of a predistortion parameter optimi- 
zation adaptive process. 

[001 4] Still in one embodiment of the above method, 
N parameters of the digital predistorter are used as fac- 
35 tors of the target function. When the target function 
takes a minimum value, the values of the respective fac- 
tors are taken as the optimum values of the predistortion 
parameters. 

[001 5] Yet in one embodiment of the above method, 
40 the step of employing multi-parameter optimum seeking 
module to update the predistortion parameters in step 
e) includes the steps of: 

1) selecting optionally N+1 initial points in a N-di- 
45 mension, of which the coordinates are used as N 
parameters of the digital predistorter, when these 
parameters are taken by the predistorter, out-of- 
band emission energy of the corresponding feed- 
back signals are measured, respectively; 
so 2) determining an optimum point, a worst point, and 
a second worse point among N+1 points based on 
measured values of the out-of-band emission ener- 
gy; 

3) referencing all of the points except the worst point 
55 as reflection points of the worst point; 

4) measuring a target function value corresponding 
to each of the reflection points, if the target function 
value corresponding to one of the reflection points 
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is larger than the target function value correspond- 
ing to the second worse point, then turning back and 
compressing the one of the reflection points from 
an original reflection direction; 

5) determining whether the target function value of 
the compressed reflection point is still lagerthan the 
target function value corresponding to the second 
worse point, if so, decreasing distances between 
the optimum point and all of the points except the 
optimum point by one half; and 

6) proceeding step 2) to adjust the predistortion pa- 
rameters continuously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] The specific characteristic performances of the 
present invention will be further described by the follow- 
ing embodiments in conjunction with the drawings. 
[0017] Figure 1 is a block diagram of a prior art narrow 
band predistortion apparatus. 

[001 8] Figure 2 is a block diagram of one embodiment 
of an adaptive digital predistortion apparatus for a wire- 
less transmitter in accordance with the principles of the 
present invention. 

[001 9] Figure 3 is a block diagram of one embodiment 
of a pre-distortion parameter adaptive controller in ac- 
cordance with the principles of the present invention. 
[0020] Figure 4 is a flow chart of one embodiment of 
an adaptive digital predistortion method for a wireless 
transmitter in accordance with the principles of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] In Figure 2, one embodiment of an adaptive 
digital predistortion apparatus 20 for a wireless trans- 
mitter in accordance with the principles of the present 
invention includes a base transceiver station (BTS) 
modulator 21, a digital predistorter 22, a pre-distortion 
parameter adaptive controller 23, a digital to analogue 
(D/A) converter 24 : an up converter 25, a power ampli- 
fier 26, a local oscillator 27, a down converter 28, an 
analogue to digital (A/D) converter 29, and an antenna 
30. Broadband digital signals outputted from a regulator 
(not shown) for transmitting are input to the digital pre- 
distorter 22. The signals are processed by the digital 
precistorter 22, and the predistorted signals are then 
sent to the D/A converter 24, the up-converter 25 for 
conversion. The converted signals are then amplified by 
the power amplifier 26 and transmitted by the antenna 
30. The digital predistortion is a non-linearity conversion 
process. Under an ideal condition, the non-linearity 
characteristic of the digital predistortion is opposite to 
the non-linearity of a transmitting channel, whereby the 
output signals and the input signals have a linear rela- 
tion, which indicates a minimum of out-of-band energy 
emission. 



[0022] The non-linearity characteristic of the transmit- 
ting channel varies according to the operating condi- 
tions and the environment parameters. It is required that 
the parameters of the digital predistorter be updated 

5 adaptively. As shown in Figure 2, a part of the signals 
outputted from the power amplifier 26 are fed back by a 
coupler 31 to be input to the predistortion parameter 
adaptive controller 23 via the down converter 28 and the 
A/D converter 29. The feedback signal is processed dig- 

10 itally by the controller 23, wherein the out-of-band ener- 
gy emission of the feedback signal is used as a target 
function, and the predistortion parameters are adjusted 
adaptively by employing a multi-parameter optimization 
process to allow the entire transmitting channel to matn- 

15 tain a linear transfer characteristic. 

[0023] Figure 3 is a block diagram of one embodiment 
of the pre-distortion parameter adaptive controller 23 In 
accordance with the principles of the present invention. 
The controller 23 includes a power spectrum estimation 

20 module 32 and an adaptive method module 33. The sig- 
nals outputted from the A/D converter 29 are transferred 
to the power spectrum estimation module 32 to estimate 
the power spectrum. Then, the signals are transferred 
to the adaptive method module 33 to perform adaptive 

25 adjustment before they are transferred to the digital pre- 
distorter 22. A non-linearity conversion opposite to the 
characteristic of the transmitting channel is performed 
by the digital predistorter 22 for the input digital signals. 
The transfer characteristic of the digital predistorter 22 

30 is determined by a set of predistortion parameters {a Ql 
a 1( ...,a N ). The predistortion parameters may be factors 
of a certain function, or may be values taken from the 
items of a Look Up Table (LUT). The digital predistorter 
22 receives periodically the predistortion parameter up- 

35 dating signals sent from the predistortion parameter 
adaptive controller 23 and modifies the predistortion pa- 
rameters accordingly. 

[0024] An adaptive digital predistc tion method of the 
wireless transmitter of the present invention includes the 
40 following steps: 

a) performing a non-linearity conversion opposite to 
transmitting channel characteristic by a digital pre- 
distorter for input baseband signals; 
45 b) amplifying the predistorted s gnals by a power 
amplifier via an up-converter; 
c) feeding back a part of the signals outputted from 
r.e power amplifier to an adac: ve controller via a 
coupler, 

50 d) performing digital signal processing by the adap- 
tive controller for the feedback signals to obtain out- 
of-band emission energy of trs feedback signals; 
and 

e) updating predistortion parameters by employing 
55 a multi-parameter optimum seeing module that us- 
es the out-of-band emission energy as a target 
function. The target function re-ers to using out-of- 
band emission energy of the feedback signals as a 
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target function of the predistortion parameter opti- 
mization adaptive process. 

[0025] Figure 4 is a flow chart of one embodiment of 
an adaptive digital predistortion method for a wireless 
transmitter in accordance with the principles of the 
present invention. The adaptive digital predistortion 
method includes a predistortion parameter adjustment 
or iteration process which seeks optimum values of the 
predistortion parameters. As an example, assuming that 
the digital predistorter 23 has N+1 parameters which are 
denoted as {a 0 , a 1f a N }, the N+1 parameter values 
can be considered as the coordinates of point X in a N+1 
dimension. The out-of-band energy emission of the 
feedback signals are considered as the target function 
of the iteration, and the purpose of the predistortion pa- 
rameter optimization adaptive process is to obtain the 
optimum values of the predistortion parameters, {a 0 , 

a 1 a N }, which allows the value of the target function 

to be the lowest. 

[0026] The adaptive predistortion parameter adjust- 
ment or iteration process includes the steps of: 

1) selecting N+1 initial points X 0> X v .... X N , to de- 
termine values of the target function of the N+1 
points, that is, the N+1 dimension coordinates of 
N+1 points are used as the predistortion parame- 
ters of the digital predistorter to measure the out-of- 
band emission energy of the corresponding feed- 
back signals, respectively, 

2) comparing the corresponding values of the target 
function of the respective points, setting point X H as 
the worst point (i.e., the value of the target function 
corresponding to point X H is the highest, indicated 
by F H ); setting point X B as a slightly worse or the 
second worst point (i.e., the value of the target func- 
tion corresponding to point X B is slightly lower than 
X H> but higher than the other points, indicated by 
F B ); setting point X L as the best point (i.e., the value 
of the target function corresponding to point X L is 
the lowest, indicated by F L ). Then, a reflection is 
made to point X H with respect to all of the other 
points to obtain a new point X Rl the formula is as 
follows: 

v/herein 



3) calculating the value of the target function corre- 
sponding to point X R , indicated by F R . If F R is higher 
than the value of the target function corresponding 



to X B , which indicates that the point X R is taken too 
far, and a compression is required, that is, the point 
will be returned back slightly at the connection di- 
rection of X H and X R to obtain a new reflection point 
5 X R The specific formula is as follows: 

X R = (1-X)X H +1X R 

10 v/herein, X is a compression factor and is a 

constant between 0—1. To prevent the new reflec- 
tion point from superimposing on point X c , X cannot 
be equal to 0.5. The superimposition of X R and X c 
will decrease the number of dimension which is det- 

15 rimental to converging the iteration process to an 
optimum solution. 

4) after compressing, if the value of the target func- 
tion F R corresponding to new point X R is still higher 
than the value of the target function F B correspond- 

20 ing to point X B , then decreasing the distances of all 
of the points including the optimum point X L by one 
half, and proceeding to step 2). The specific formula 
is as follows: 

25 X ( =(X L + X,)/2. wherein 1=1,2 N 

5) after compressing, if the value of the target func- 
tion F R corresponding to new point X R is no longer 

30 higher than the value of the target function F B cor- 
responding to point X B , then substituting the worst 
point X H by the new point X R , and proceeding to 
step 2) to iterate continuously. 

35 Applicability in Industries 

[0027] The present invention can be used suitably for 
adaptive digital predistortion systems of broadband 
wireless transmitters. The signals to be transmitted are 

40 predistorted to cancel out the non-linear characteristic 
of non-linear transmitting channels and to suppress the 
out-of-band emission of the outputting signals. Mean- 
while, by using a multi-parameter optimization process, 
the predistortion parameters can be adjusted adaptively 

45 by the predistortion system based on the slow variation 
of the non-linearity of the transmitting channels. 
[0028] From the above description and drawings, it 
will be uncerstood by those of ordinary skill in the art 
that the particular embodiments shown and described 

so are for purposes of illustration only and are not intended 
to limit the scope of the present invention. Those of or- 
dinary skill in the art will recognize that the present in- 
vention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. Ref- 

55 erences to details of particular embodiments are not in- 
tended to limit the scope of the invention. 
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Claims 

1. An adaptive digital predistortion apparatus for 
transmitting broadband digital signals from a wire- 
less transmitter to a transmitting channel, compris- 
ing: 

a modulator for modulating broadband digital 
signals; 

a predistorter coupled to the modulator for re- 
ceiving and predistorting modulated signals; 
a digital to analogue (D/A) converter coupled to 
the predistorter for receiving and converting 
predistorted signals from the predistorter; 
an up converter coupled to the D/A converter 
for receiving and converting converted signals 
from the D/A converter; 
a power amplifier coupled to the up converter 
for receiving and amplifying up converted sig- 
nals from the up converter; 
an antenna coupled to the power amplifier for 
receiving and transmitting amplified signals 
from the power amplifier; 
a down converter coupled to the power ampli- 
fier for receiving and feeding back a part of the 
amplified signals from the power amplifier; 
a local oscillator coupled between the up con- 
verter and the down converter for providing os- 
cillation signals to the up converter and the 
down converter; 

an analogue to digital (A/D) converter coupled 
to the down converter for receiving and convert- 
ing converted feedback signals from the down 
converter; 

a predistortion parameter adaptive controller 
coupled to the A/D converter and to the predis- 
torter for receiving the converted feedback sig- 
nals from the A/D converter and adaptively ad- 
justed predistortion parameters of the predis- 
torter and sending the adjusted predistortion 
parameters to the predistorter; 

wherein the broadband digital signals to be 
transmitted are input to the digital predistorter and 
processed by the digital predistorter, then convert- 
ed by the D/A converter and the up converter, then 
amplified by the power amplifier and transmitted by 
the antenna; and meanwhile, a part of the amplified 
signals outputted from the power amplifier are fed 
back to a feedback loop, in which the feedback sig- 
nals are down converted by the down converter and 
converted by the A/D converter, and processed by 
the predistortion parameter adaptive controller; 

wherein out-of-band energy emission of the 
feedback signals are used as a target function, and 
the predistortion parameters are adjusted adaptive- 
ly by employing a multi-parameter optimizalion 
process to allow the transmitting channel to main- 



tain a linear transfer characteristic. 

2. The adaptive digital predistortion apparatus of claim 
1, wherein the predistortion parameter adaptive 

5 controller comprises a power spectrum estimation 
module and an adaptive method module, the sig- 
nals outputted from the A/D converter are sent to 
the power spectrum estimation module to estimate 
power spectrum, and to the adaptive method mod- 

10 ule to perform adaptive adjustment of predistortion 
parameters to be sent to the predistorter. 

3. An adaptive digital predistortion method for trans- 
mitting broadband digital signals from a wireless 

15 transmitter to a transmitting channel, comprising 
the steps of: 

a) performing a non-linearity conversion oppo- 
site to non-linearity characteristic of the trans- 

20 mitting channel by a digital predistorter for the 

broadband digital signals, the digital predistort- 
er having a set of predistortion parameters; 

b) amplifying predistorted signals by a power 
amplifier via an up conversion channel; 

25 c) feeding back a part of amplified signals out- 

putted from the power amplifier to an adaptive 
controller via a coupler; 

d) processing the feedback signals by the 
adaptive controller to obtain out-of-band emis- 

30 sion energy of the feedback signals; and 

e) updating the predistortion parameters by 
employing a multi-parameter optimum seeking 
module using the out-of-band emission energy 
as a target function. 

35 

4. The method of claim 3, wherein the using of out-of- 
band emission energy as the target function in step 
e) induces using the out-of-band emission energy 
of the feedback signals as the target function of a 

40 predistortion parameter optimization adaptive proc- 
ess. 

5. The me:r,od of claim 3, wherein the step of updating 
includes using the predistortion parameters of the 

45 digital predistorter as factors of the target function, 
when value of the target function is a minimum val- 
ue, va ~es of the respective factors are optimum 
values cf the predistortion parameters. 

so 6. The me:nod of claim 3, wherein the step of employ- 
ing the multi-parameter optimum seeking module to 
update :ie predistortion parameters in step e) com- 
prises :re steps of: 

55 1) selecting optionally N+1 initial points in N- 

cir.ension, of which coordinates are used as N 
parameters of the digital predistorter, when the 
N parameters are processed by the predistort- 
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er, the out-of-band emission energy of the cor- 
responding feedback signals are measured, re- 
spectively; 

2) determining an optimum point, a worst point, 
and a second worse point among N+1 points 5 
based on measured values of the out-of-band 
emission energy; 

3) referencing all of the points except the worst 
point as reflection points of the worst point; 

4) measuring a target function value corre- 10 
sponding to each of the reflection points, if the 
target function value corresponding to one of 

the reflection points is larger than the target 
function value corresponding to the second 
worse point, then turning back and compress- 15 
ing the one of the reflection points from an orig- 
inal reflection direction; 

5) determining whether the target function val- 
ue of the compressed reflection point is still la- 
ger than the target function value correspond- 20 
ing to the second worse point, if so, decreasing 
distances between the optimum point and ail of 

the points except the optimum point by one half; 
and 

6) proceeding step 2) to adjust the predistortion 25 
parameters continuously. 



30 



35 



40 



45 



50 



7 



EP1 313 278 A1 




8 



EP 1 313 278 A1 




9 



EP1 313 278 A1 



(Predistorte^22 
▲ 



23 



Adaptive algorithm 



*33 



Power spectrum 
Estimation 



Fig. 3 



10 



EP1 313 278 A1 



Start 

V 

Selecting N+1 points for measuring 
corresponding out-of -band power respectively 



Determining the worst point, the slightly 
worse point and the optimum point 



Calculating the reflection 
point of the worst point 



YES 



Is the reflection 
point more optimum 
than the slightly worsg^ 
point? 



Compressing the 
reflection point 



YES 



Is the new 
^flection point more optimuri 
than the slightly worse., 
point? 



Changing the coordinate of the 
worst point to the coordinate of 
the reflection point 



Contracting all of 
the points toward 
the optimum point 



I 



Fig. 4 



11 



EP 1 313 278 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

JCT/CN01/D1186 



A. CLASSIFICATION OF SUBJECT MATTER 






IPC7; H04L 25/49 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 






IPC7: H04L.H04B 




Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 




WPI, EPODOC, PAJ, CNPAT: precision adaptive digital linear 




C DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


E? 101 1192 A2 , 21 June 2000 (21. 06. 00) , whole document 




A 


CN 1 20525 1 A , 27 January 1 999 (27. 01. 99), whole document 


1-6 


A 


US 5524286 A , 04 June 1996 (04. 06. 96) , whole document 


1-6 


□ Further documents are listed in the continuation of Box C. Q See patent family annex. 



"A" 
"E" 
"L" 

i 

( ..p.« 

i 

i 



Special categories of cited documents: 

document defining the general state of the art which is not 
considered to be of particular relevance 

earlier application or patent but published on or after the 
international filing date 

document which may throw doubts on priority claim (S) or 
which is cited to establish the publication date of another 
citation o: other special reason (as specified) 

document referring to an oral disclosure, use, exhibition or 
other means 

document published prior to the international filing date 
but iater than the priority date claimed 



"T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of canicular relevance; the claimed invention 
carrot be considered novel or cannot be considered to involve 
an inventive step when the document is taken alone 

"Y" cccumcnt of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is ccnbir.ed with one or more oth:r such 
cccuments, such combination being obvious to a person 
sidled in the i.~ 

"& " document member of the same patent family 



Da;e of the actual completion of the in tern a dona) search 
04 December 2001 



Date of mailing of the r.cemarronal search report . 

facte m C13.12.0 s> 



Name and mailing address of the ISA/CN 

Xituchcng Rd., Jimen Bridge, Haidian District, 
\ " 1000S8 Beijing, China 

(Facsimile No. &6-10-6201945} 

Form PCT/ISA /21Q (second sheet) (July 199S) 



Authorized ofFicer 

CHEN Qian 
Telephone No, 86-10-62093356 



12 



EP1 313 278 A1 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 

PCT/CN01/0UB6 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 1011192 A2 



CN 1206251 A 



21/06/2000 



27/01/1999 



US 55242S6A 



04/06/1996 



JP 2000216640 A 



CA 

AU 

JP 

EP 

US 

CA 
EP 
JP 
IT 



2241010 A 
7394798 A 
11041156 A 
0907276 A 
6081158 A 

2137994 A 
0658975 A 
8051320 A 
1265271 B 



DE69425317DD 



04/03/2000 

30712/1998 
07/01/1999 
12/02/1999 
07/04/1999 
27/06/2000 

15/06/1995 
21/0671995 
20/02/1996 
31/10/1996 
24/08/2000 



Form PCT/ISA /210 (patent family annex) (July 1998) 



13 



